The Fast Beam-Ion Instability is considered potentially harmful in electron storage rings and linear colliders with short bunch spacing and high bunch charge, as it is the case in the proposed electron damping ring and the FEL beam transfer line of the future linear collider TESLA. This instability arises from interaction between a stored bunch and an ion cloud previously created by all heading bunches during a single pass. To study this effect and to determine the required vacuum conditions, a simulation code has been developed. The results of these simulation studies are presented in this paper.
INTRODUCTION
The Fast Beam-Ion Instability (FBII) [ 11 arises from the interaction of an electron bunch with the ion cloud generated by all heading bunches in the train during a single pass. When the bunch center is transversally displaced with respect to the center-of-mass of the ion cloud, both the ions and the bunch receive a transverse kick. If the coupling between bunches due to the ion cloud is strong enough to counteract the damping due to synchrotron radiation or transverse feedback systems, this might lead to large bunch oscillation amplitudes. As long as the number of molecules in the beam path is large compared to the number of ions created by the beam, the number of ions created during a single bunch passage is proportional to the bunch charge. The initial transverse distribution of the ions equals the transverse electron distribution in the bunch. In the gap between bunches the ions drift freely, leading to a transverse blow-up of the ion cloud. Therefore, the larger the distance Lsep between bunches, the weaker the bunch-to-bunch coupling. For this reason, the Fast Beam-Ion Instability is expected to occur in high-current, low-emittance machines with a large number of bunches, such as linear collider damping rings or the TESLA E L beam transfer line.
To study the effect of the Fast Beam Ion Instability in the TESLA electron damping ring as well as the TESLA FEL beam transfer line, a simulation code has been developed. This paper describes the simulation method as well as results, leading to an estimate of the required vacuum pressure.
SIMULATION METHOD
Under the assumption of a transverse gaussian distribution of the electron bunch, the interaction between bunch montag @ mail ,desy.de t Now at BNL, Upton, NY 11973 and ions can be described in analogy with the beam-beam interaction. The change in transverse velocity of the ith ion due to interaction with the electron bunch is therefore given as 
Jm
Here
with
denotes the complex error function. Nb, r e , c, me, and Mi are the number of electrons per bunch, the classical electron radius, the velocity of light, the electron rest mass and the ion rest mass, while x i , y i denote the transverse distances of the ion with respect to the bunch center. For simulation purposes, the ion cloud is represented by macroparticles. This macroparticle representation has to be taken into account when calculating the kick on the electron bunch from the reaction force, where and Ni denote the relativistic factor of the electron bunch and the number of ions represented by the ith macroparticle, respectively. The number of ionization points is chosen to be equal to the number of optics elements of the accelerator lattice. At each of these ionization points,
ions are created per bunch passage, where uion denotes the ionization cross section. The area density of residual gas molecules, nmol, is computed from the vacuum pressure where z = x, y, respectively, and At = Lsep/c is the bunch spacing.
RESULTS
For these simulations, an ionization cross section of 2Mbarn for nitrogen gas with a molecular mass number AN^ = 28, corresponding to a molecular mass of M N~ = 28 .938 MeV/c2, has been assumed [3]. The ion cloud created by a single bunch at each ionization point is represented by 52 macroparticles. Some parameters of both beam lines are given in Table 1 .
3.1
The TESLA electron damping ring is basically composed of two arc sections with an average bending radius of 145 m, and two 7.5 km long straight sections [4]. Each arc consists of 60 TME cells, while each straight section is composed of 70 identical FODO cells. To limit the total number of macroparticles to be handled, only the first 20 bunches in the bunch train have been considered. The 
FBII in the FEL transfer line
The 12 km long TESLA FEL beam transfer line consists of 80 FODO cells composed of permanent magnets of identical strength [6] . Its design energy is 35 GeV, but the beam line provides sufficient flexibility to suit beam energies between 15 and 50 GeV. The simulations presented here were performed for the 35GeV case for which the phase advance per FODO cell is 42'. Since beam emittances as well as optics parameters are very similar in both planes, it is sufficient to investigate one single plane.
Initially, the first bunch is (vertically) displaced by Ay = O.la,, while all trailing bunches start on the design trajectory. Figure 3 depicts the vertical oscillation amplitude of 100 bunches in a train at the end of the E L beam transfer line for a vacuum pressure of p = 1 .
mbar. All resulting oscillation amplitudes remain far below the vertical beam size and are therefore tolerable.
When the residual gas pressure is increased to p = 
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